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(54) A non-linear dispersive transmission line 

(57) A non-linear dispersive transmission line includes a plurality of substantially block-like shaped capacitor 
elements (4) arranged in sequence in at least two arrays. The even numbered elements (4b, 4d) etc extend side 
by side to form a first array and the odd numbered elements (4a, 4c) etc extend side by side to form the second 
array. Each element (4) in one array is connected via inductors (3) to two immediately adjacent elements in the 
other array. Facing surfaces (5) of each two immediately adjacent elements (4a, 4c) in each array form cross 
link capacitors. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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231 7752 

A non-linear DISPERSIVE TRANSMISSION IOHE 

This invention relates to a non-linear, dispersive 
transmission line for producing pulsed radio frequency 
electrical signals suitable, inter alia, for electromagnetic 
susceptibility test equipment. 

Figure 1 of the accompanying drawings shows a 
conventional circuit of a non-linear, dispersive transmission 
line in the form of a solid state pulsed power circuit 
operable to produce powerful radio frequency signals in short 
electrical pulses. Such lines are a variant of the 

inductance/capacitance ladder transmission line to which 
non-linearity and dispersive characteristics are added. 
Figure 1 shows six sections of the conventional transmission 
line which could be made up of as many as 100 or 200 sections. 
An input pulse injected at the left hand side of the line at 
position 3a would propagate to the right hand side of the 
line. Capacitors 2 each having a value C 0 and inductors 3 each 
having a value L 0 form the primary elements of the transmission 
line. Saturable magnetic material is placed in each inductor 
3 which causes the inductors to be non-linear. The capacitors 
1 with a value C 1 form coupling capacitors used capacitively to 
link every second cell in the line thus giving the line 
additional dispersive characteristics. As a result of adding 
non-linearity and dispersion to the transmission line an 
electrical pulse which propagates along the line is distorted 
according to the specific characteristics of the transmission 
line. Such conventional non-linear transmission lines are 
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used as pulse modulation circuits In which for example a 
suitable line could modify a flat top electrical input pulse 
to form any suitable shape radio frequency output signal* 

A proposed implementation of the conventional 
transmission line of Figure 1 is illustrated at Figure 2 of 
the accompanying drawings in which the main capacitors 2 are 
thin metal plates located above an earth plane and insulated 
from the earth plane by a high voltage dielectric such as 
TEFLON^ sheet . The main capacitors 2 alternate from top to 
bottom of the arrangement as shown in Figure 2 in which 
sequentially the main capacitors 2 are illustrated as 2a, 2b, 
2c, 2d, 2e, 2f, 2g and 2h. Thus the main capacitor 2a is 
adjacent to capacitors 2c and not to the next capacitor 2b in 
the chain. The coupling or dispersive capacitors 1 are 
provided by placing metal plates above the capacitors 2 so 
that they provide capacitive coupling between alternate main 
capacitors 2. In such a proposed circuit the assembly is 
planar with thin sheets of conductors and insulators placed on 
top of each other to provide the required transmission line 
components . 

There is thus a need for a generally improved non-linear, 
dispersive transmission line which is above to produce a wider 
range of output radio frequency pulses, preferably at higher 
radio frequency oscillation frequencies and at higher output 
voltages, which increases the applications open for the line. 
There is also a need for general simplication of the design 
and construction of such a line. 
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According to -the present: invention there is provided a 
non-linear dispersive transmission line for producing pulsed 
radio frequency electrical signals, including a plurality of 
electrically conductive, substantially block-like shaped 
capacitor elements arranged in sequence in at least two arrays 
with the even numbered elements extending side by side to form 
a first array, with the odd numbered elements extending side 
by side to form a second array, with each element in one said 
array being connected via inductors to two immediately 
adjacent elements in the other said array so that the first 
and second arrays and inductors provide non-linearity, and 
with facing surfaces of each two Immediately adjacent elements 
in each array forming cross link capacitors whose capacitace 
provides dispersive characteristics. 

Preferably the capacitor elements are made of an 
electrically conductive metal or metal alloy* 

Conveniently each inductor incorporates saturable 
magnetic material to provide non-linearity. 

Advantageously the line Includes a box housing the arrays 
and inductors and providing an earth conductor therefore. 

Preferably the arrays are folded in a serpentine shape to 
reduce the length of the line. 

For a better understanding of the present invention, and 
to show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying 
drawings, in which; 
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• Figure 1 is a circuit diagram of a conventional 
non-linear dispersive transmission line not according to the 
present invention and showing six sections thereof. 

Figure 2 is a plan view from above of part of the circuit 
of Figure 1, 

Figure 3 is a circuit diagram for part of a conventional 
non- linear dispersive transmission line as shown in Figures 1 
and 2 indicating significant stray components, 

Figure 4 is a perspective view of part of an 
implementation according to the present invention of a 
non- linear dispersive transmission line based on that of 
Figures 1 and 2, and 

Figure 5 is a diagrammatic plan view of a non-linear 
dispersive transmission line according to the present 
invention using the features of the Figure 4 implementation 
and shown in folded configuration. 

A basic conventional non-linear dispersive transmission 
line has already been described in relation to Figure l of the 
accompanying drawings together with a proposed implementation 
therefore as illustrated in Figure 2. Figure 3 of the 
accompanying drawings shows the main stray components of the 
line of Figure 1 and implementation Figure 2 which can have a 
harmful effect on the performance of such a conventional line. 

In such a conventional line the frequency of the radio 
frequency signal which is produced by the line is proportional 
to the cut off frequency of the transmission line. The 
frequency of the radio frequency signal is usually about 0.5 
of the cut off frequency which is given by: 
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co 0 = 2/(UC 0 )2 . . . . . (i> 

where 

0) o is transmission line cut off frequency 

L 0 is saturated inductance of each transmission line 

cell, and 

C c is capacitance of each transmission line cell 
As the RF frequency is increased the cut off frequency 
must also increase, and consequently the values of L and C 

o o 

must decrease. 

At high RF oscillation frequencies the values of the main 
circuit components (L c and C 0 ) become very small (at 1GHz they 
are of the order of 5pF and 5nH). The effect of stray 
components in the circuit (parasitic capacitances and 
inductances) then becomes significant and alters the first 
order behaviour of the transmission line Consequently it is 
necessary to include the effects of stray components in the 
design of the transmission line in order to design it to 
produce a specific output pulse. Firstly the stray components 
which may significantly effect the operation of the circuit 
must be identified and then these components must be included 
in the circuit analysis to quantify their effect on the 
behaviour of the circuit. 

The main stray components in the non-linear transmission 
line are those shown as CI, C2 and L* in Figure 3. In Figure 
3 the coupling or cross link capacitor 1 and the inductance L* 
are split into two equal components. This is done in order to 
define the effective position of CI in the circuit. CI is the 
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capacitance between the plate which forms the capacitor 1. 
This stray component can be significant if the circuit layout 
is the planar arrangement which has been used previously as 
shown in Figure 2. CI reduces the cut off frequency for the 
transmission line. The capacitance C2 is the stray 

capacitance between the ends of the inductor 3. C2 can be 
significant if the inductor 3 is a winding on a toroid because 
of capacitance between the windings of the toroid. Also if 
the metal parts which form the main capacitors 2 are closely 
spaced the stray capacitance between them can become 
significant. C2 also reduces the cut off frequency of the 
transmission line. The inductance L* is the inductance which 
is experienced by current flowing through the cross linking 
capacitor 1. The inductance L* reduces the ratio of the RF 
oscillation frequency to the transmission line cut off 
frequency. This necessitates the design of a transmission 
line with an anomalously high transmission line cut off 
frequency to achieve a specific RF oscillation frequency. 

The stray components can have a very strong effect on the 
circuit behaviour. At RF frequencies of 300MHz and above the 
stray components seriously impair the performance of the line. 
The line cannot produce high fidelity RF pulses, the RF 
formation efficiency falls and the dispersion characteristics 
are dominated by stray components. 

According to the present invention a non- linear 
dispersive transmission line includes a plurality of 
electrically conductive substantially block-like shaped main 
capacitor elements 4 as illustrated in Figure 4 of the 



accompanying drawings arranged in at: least -two arrays. Of 
these elements the even numbered elements such as element 4b 
in Figure 4 extends side by side to form a first array and the 
odd numbered elements such as 4a and 4c extend side by side to 
form a second array. Although only one element 4b in the 
first array has been illustrated in Figure 4 it is to be 
understood that further elements extend side by side therewith 
as in the second array illustrated in Figure 4. Each element 
4 in one array is connected via inductors 3 to two immediately 
adjacent elements in the other said array. Thus in the 
illustrated example element 4a and element 4c are connected 
directly to element 4b. The main capacitor elements 4 
together with the inductors 3 thus provide non-linearity for 
the transmission line. 

To this extent the construction of the line is similar to 
that of Figure 2 with one major difference. This is that each 
element 4 is of substantially block like shape and not the 
thin planar sheet like form as shown in Figure 2. By virtue 
of this each element 4 has edged surfaces 5 so that the facing 
surfaces 5 of each two immediately adjacent elements, such as 
the elements 4a and 4c in Figure 4, in each array form cross 
link capacitors whose capacitance provides dispersive 
characteristics for the transmission line. Thus the metal 
plates 1 providing the cross link capacitors in the 
conventional implementation of Figure 2 and which make the C~ 
capacitance are dispensed with completely. The capacitor 
elements 4 which are made of an electrically conductive metal 
or metal alloy are in effect substantial blocks. Thus the 
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capacitance C" is formed directly between the faces 5 of the 
adjacent blocks 4a and 4c. As in the conventional 

implementation of Figure 2 each inductor 3 incorporates 
saturable magnetic material to provide non-linearity for the 
line* 

Removal of the plate like coupling or cross link 
capacitor element 1 completely eliminates the capacitative 
coupling from the capacitor plates 1 to earth which formed the 
stray component CI in the Figure 3 illustration* Removal of 
this stray component increases the cut off frequency of a 
circuit including the line provided that all other parameters 
remain f ixed . 

There is additionally a significant reduction of the 
stray component L* which was also illustrated in Figure 3 and 
described in connection therewith* With the removal of the 
capacitor plates 1 and the utilisation of the facing surfaces 
5 which are parallel to one another for immediately adjacent 
elements 4 in an array it is possible to provide a much lower 
inductance route for current to flow from one capacitor 
element 4a to the next capacitor element 4c and likewise 
throughout the line* The result of reducing L* is that for a 
given cut off frequency , again with all other parameters 
remaining fixed, the pulsed fidelity and the RF modulation 
depth are both improved. 

Moreover the absence of the capacitor plates 1 and the 
fact that the capacitor elements 4 are of block like 
construction enables the resulting transmission line to be 
completely surrounded by an earthed box (not shown)* In the 



implementation of Figures 1 and 2 the circuit requires to be 
built onto an earth plane and it was not possible to place an 
earth conductor close to the upper surface of the planar 
assembly as the capacitor plates 1 are uppermost in the planar 
assembly and this means that the resulting stray component C 1 
would be undesirably large. The construction of Figure 4 
according to the invention allows the capacitor elements 4 to 
be surrounded by an earth conductor on all sides, namely the 
top, bottom and outer sides thus increasing the surface area 
of the main capacitor elements 4 which is close to the earth 
conductor. Increasing the surface area of the main capacitor 
elements 4 allows the elements to earth distance to be 
Increased for a specific value of C 0 . Increased element to 
earth distance gives Increased voltage hold off capabilities 
and the circuit including the line can be operated at higher 
voltages. 

The construction of the transmission line using the 
elements 4 of Figure 4 is simplified from the construction of 
the conventional line of Figures 1 and 2 in that it has fewer 
physical components. Moreover the construction is such to 
allow the circuit to be folded. This is an important 
practical consideration because a non-linear dispersive 
transmissive line may have been 100 and 200 
inductance/capacitance sections which can result in a line of 
more than one meter in length. It is not feasible to fold the 
conventional transmission line of Figures 1 and 2 because the 
coupling or cross link capacitors 1 make it difficult to fold 
the line without changing the circuit parameters at the fold 
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points. This is not: the case with the line construction of 
Figure 4 of the present invention which permits the line to be 
folded without significant changes to the circuit parameters 
at the fold points. Figure 5 of the accompanying drawings 
shows schematically how this is achieved with the Figure 
showing a side view of a line of capacitors so that only 
alternate capacitor elements 4 are visible. Between each 
element 4 the C 1 capacitance is provided by the facing surfaces 
5. In most parts of the C~ capacitance is formed between the 
edge surfaces 5 of the elements 4, such as shown between 
elements 4W and 4Y. The Co capacitance, which is the main 
capacitor capacitance, for elements 4a and 4c is formed 
primarily by the upper and lower surface of the elements 4 
illustrated in Figure 5. At the folding points the C 1 
capacitance, that is the cross linking capacitance is formed 
between the edge surface 5 of one element 4 and the main 
surface of the adjacent element 4, see for example the 
coupling between element 4g and 41. The value of the main 
capacitor capacitance C 0 is maintained at the folding point 
because the edge surface 5 now provides capacitive coupling to 
the earth. If the dimensions of the elements 4 are so chosen 
the values of C 1 and C 0 can be kept constant as the line is 
folded. 

The conventional transmission line construction of 
Figures 1 and 2 has a useful upper limit of 300MHz and can be 
operated at RF voltages of 30kV. The transmission line 
according to the invention allows the useful oscillation 
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frequency to be increased -to at least: one GHz and -the RF 
voltage to at least lOOkV. 
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CLAIMS 

1. A non-linear dispersive -transmission line for 
producing pulsed radio frequency electrical signals, including 
a plurality of electrically conductive, substantially 
block- like shaped capacitor elements arranged in sequence in 
at least two arrays with the even numbered elements extending 
side by side to form a first array, with the old numbered 
elements extending side by side to form a second array, with 
each element in one said array being connected via inductors 
to two immediately adjacent elements in the other said array 
so that the first and second arrays and inductors provide 
non-linearity, and with facing surfaces of each two 
immediately adjacent elements in each array forming cross link 
capacitors whose capacitance provides dispersive 
characteristics . 

2. A line according to claim 1, wherein the capacitor 
elements are made of an electrically conductive metal or metal 
alloy. 

3. A line according to claim 1 or claim 2, wherein each 
inductor incorporates saturable magnetic material to provide 
non- 1 inear i ty . 

4. A line according to any one of claims 1 to 3, 
including a box housing the arrays and inductors and providing 
an earth conductor therefore. 

5. A line according to any one of claims 1 to 4, in 
which said arrays are folded in a serpentine shape to reduce 
the length of the line. 
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6. A non-linear dispersive transmission line for 
producing pulsed radio frequency electrical signals, 
substantially as hereinbefore described and as Illustrated In 
Figure 4 and/or Figure 5 of the accompanying drawings. 
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